Searching PAJ Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 2002-268229 
(43)Date of publication of application : 11.09.2002 



r ; — . . — 

(51)lnt.CI. 




G02F 1/09 




t 


U , — ^ > 

(21)Applicatlon number : 


2001-061780 


(71)Applicant 


: NEC TOKIN CORP 




(22)Date of filing : 


06.03.2001 


(72) Inventor : 


SASAKI NOBUHIRO 










KONDO MITSUKAZU 


:rr™:"::::::n::r::} 



(54) OPTICAL ATTENUATOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a low cost 
optical attenuator to reduce the number of components. 
SOLUTION: The optical attenuator comprises a two core 18 
optical fiber, a walk-off crystal, a lens and a variable j 
Faraday rotor having a totally reflecting film on one 
optical face sequentially arranged in the direction of an 
optical path. The variable Faraday rotor having the totally 
reflecting film on one optical face can be replaced with ^: — 
the variable Faraday rotor and a totally reflecting mirror. 
The variable Faraday rotor may be provided with a 
Faraday rotating material, an electromagnet and a 1 9 

permanent magnet. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical attenuator characterized by stationing the adjustable Faraday-rotation child who 
has a total reflection film in 2 heart optical fiber, a walk-off crystal, a lens, and one side of an optical 
surface at this order, and changing in the direction of an optical path. 

[Claim 2] The optical attenuator characterized by arranging a total reflection mirror at this order, and 
changing in the direction of an optical path with 2 heart optical fiber, a walk-off crystal, a lens, and an 
adjustable Faraday-rotation child. 

[Claim 3] The aforementioned adjustable Faraday-rotation child is an optical attenuator given in either 
of the claims 1 or 2 characterized by having Faraday-rotation material, an electromagnet, and a 
permanent magnet, and being constituted. 

[Translation done.] 



http://www4.ipdlopo.goop/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww6.ipdl.jpo... 8/28/2003 



Page 1 of 4 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the optical attenuator which 
decreases and adjusts optical intensity in an optical transmission system etc., and relates to the optical 
attenuator of good transformation which uses for wavelength-multiplex-optical-telecommunications 
equipment, and is especially equipped with a suitable Faraday-rotation child. 
[0002] 

[Description of the Prior Art] A Faraday-rotation angle is controlled by control of current, and since the 
optical attenuator which decreases light does not have a mechanical movable portion, it operates as a 
reliable optical attenuator. Since especially the optical attenuator using the Faraday-rotation child who 
the angle between the magnetization direction and the direction of a light transmission is changed, and 
controls a Faraday-rotation angle, with magnetization of a Faraday-rotation crystal saturated does not 
cause light scattering by change of a magnetic domain, it operates as an attenuator with little a 
polarization dependency and superfluous loss. 

[0003] The composition of the general optical attenuator used for drawing 5 from the former is shown. 
The light which carried out outgoing radiation of the optical fiber 5 la is changed into the parallel flux of 
hght by lens 52a, and carries out incidence to wedge shape birefringence crystal 53a. When passing this 
crystal, a part for usual state Mitsunari and the imusual light component of Ught receive the refraction 
according to each refractive index. Next, by the adjustable Faraday-rotation child 54, the light of each 
component penetrates wedge shape birefringence crystal 53b, after receiving about 0-90-degree rotatory 
polarization, and it is changed into the convergence flux of hght by lens 52b, and a part of light 
combines it with optical fiber 51b. 

[0004] Here, the sense of the wedge in the wedge shape birefiingence crystals 53a and 53b is a retrose, 
and the direction of c axis (optical axis) lies at right angles mostly. Therefore, when the Faraday-rotation 
angle by the adjustable Faraday-rotation child 54 is about 90 degrees, similarly the hght which passed 
wedge shape birefringence crystal 53a as Tsunemitsu passes wedge shape birefiingence crystal 53b as 
Tsunemitsu. Consequently, change of the travelling direction of the Ught received as the wedge shape 
birefringence crystals 53a and 53b is negated mutually, and a part for all usual state Mitsunari is 
combined with optical fiber 51b. Moreover, the situation is the same also to the light which passes 
wedge shape birefiingence crystal 53a as an unusual light. 

[0005] When a Faraday-rotation angle is 0 degree, in order that [ two ] the light which passes one side of 
the wedge shape birefringence crystals 53a and 53b as Tsunemitsu may pass through another side as an 
unusual light to it, change of the travelling direction when passing the rust form birefiingence crystal 
which goes away is not negated mutually. Consequently, light is not combined with optical fiber 51b. 
[0006] Therefore, when a Faraday-rotation angle is 90 degrees, the magnitude of attenuation is zero, and 
the magnitude of attenuation increases as a Faraday -rotation angle approaches 0 degree. 
[0007] 

[Problem(s) to be Solved by the Invention] In the optical attenuator explained as a conventional 
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example, the rust form birefnng»ce crystal which goes away two j^^^^^^^^^i'dV the 

S T~mvention decrease part mark and makes it a technical problem to offer the optical 
attenuator of a low cost. 

mn] Furthermore, the aforeme„tion«i adjustable Faraday-rotation child has Faraday-rotation matenal, 
an electromagnet, and a permanent magnet, and may be constituted. 

[Embodiments of the Invention] Next, the gestal. of operation of this invention is explained based on 

drawing^ - drawingj4 . i - ** urr^^ v^pw <jhowine the optical composition of the 

^^nttrl^^ai^XS P;^^*^^^^ i:dl:t:Secti» ahn . is formed ^ 
one side of this optical surface. u^m i i i= ,v„iained based on drawing^ . In dia^^ 

[0016) Here, the adjustable Faraday-rotation child 14 '"^^''^''^^^^ ^S^^iSromagnet. 
3 , 32 is Bi substitution rare-earflt-iron-gamct crystal, 31a and 3 Ib^^^^ L Stated by the total 

-src=r ie^x^^^ora^^"^^^^^^ - - 

^^UPer,t.«si.o™.i™^^^^^^ 

aii^Sl^ct^rc S^^^^^^^ with an optical path 34 witir the yokes 3 1 a 

:Sfsa£r^%te:J^nSr^^^^^ 

SttouttSg n^iation fom the fiber ot2 heart optical fiber top to the "a^off cr^ 12, by 
Tmer C»e TsLmitsu or it is tmusual li^t. it 
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adjustable Faraday-rotation child 14, it was reflected by the total reflection film 15, and when carrying 
out outgoing radiation, they has received 90-degree Faraday rotation. Next, although two light is 
changed into convergence hght by the convex lens 13, after outgoing radiation, the travelling direction 
of those light becomes parallel again, advances along with the optical path of 16b and 17b, and carries 
out incidence to the walk-off crystal 12. 

[0021] At this time, the light which was Tsunemitsu passes the walk-off crystal 12 as an unusual light on 
an outward trip on account of the 90-degree plane-of-polarization rotation received by the adjustable 
Faraday-rotation child. Moreover, on an outward trip, the light which was unusual light passes a return 
trip as Tsunemitsu. Consequently, outgoing radiation of the two light is carried out to the same optical 
path, and they is combined with the optical fiber of 2 heart optical fiber bottom. 
[0022] Next, the case where there is almost no combination to an output side from the input side of 2 
heart optical fiber is explained based on drawing 4 (b). In this case, by the magnetic field of an 
electromagnet, the direction of magnetization of Faraday-rotation material and the travelling direction of 
light become a perpendicular mostly, and the Faraday-rotation angle has become zero mostly. However, 
in a return trip, again, the optical path of two hght is in agreement with drawing 4 (a) until it carries out 
incidence to tiie walk-off crystal 12. 

[0023] However, in the walk-off crystal 12, the light which the light which was unusual light on the 
outward trip was unusual light also in the return trip, and was Tsunemitsu on the outward trip is 
Tsimemitsu also in a return trip, and when carrying out outgoing radiation, two light expands separation 
width of face fiirther, and it carries out incidence to the point which is separated from the core of a lower 
optical fiber. That is, not almost all light is combined with the optical fiber of an output side. 
[0024] Then, in order to obtain the predetermined magnitude of attenuation, the current added to an 
electromagnet is controlled, the direction of the synthetic magnetic field of an electromagnet and a 
permanent magnet is controlled, by this, the angle between the direction of the saturation magnetization 
of Faraday-rotation material and the travelling direction of Ught is adjusted, and a Faraday-rotation angle 
is adjusted. Therefore, when the current of an electromagnet is zero, the magnitude of attenuation is zero 
mostly, and the magnitude of attenuation increases it while increasing the current of an electromagnet. 
[0025] By the way, what is necessary is to constitute a collimator from a 2 heart optical fiber, a walk-off 
crystal, and a convex lens, and just to adjust the distance of a convex lens and an adjustable Faraday- 
rotation child's total reflection fihn, and the angle of the medial axis a convex lens's, and an adjustable 
Faraday-rotation child's total reflection fihn to make after that about assembly. 
[0026] (Gestalt 2 of operation) Drawin g 2 is the ** type view showing the optical composition of the 
optical attenuator by tiie gestalt 2 of operation of this invention. 21 is the optical fiber of the 2 hearts 
and, for 22, as for a convex lens and 24, a walk-off crystal and 23 are [ an adjustable Faraday-rotation 
child and 25 ] total reflection mirrors. 

[0027] Here, the adjustable Faraday-rotation child 24 can constitute by arranging the total reflection 
mirror 25 between Bi substitution rare-earth-iron-gamet crystals 32 and the permanent magnets 33 
which were shown in drawing 3 . 

[0028] About advance operation of hght, it is the same as that of the gestalt 1 of operation. Since it is 
only the point that the adjustable Faraday-rotation child 24 and the total reflection mirror 25 were 
separated, that the flexibility of optical-path adjustment increases only differ. 

[0029] What is necessary is just to use a walk-off crystal, a lens, and one Bi substitution rare-earth-iron- 
gamet crystal at a time in the two above-mentioned operation gestalten, respectively. Moreover, Bi 
substitution rare-earth-iron-gamet crystal is good by ttie thickness of the half of the conventional 
example. 

[0030] Moreover, in the optical attenuator of this invention, since the optical fiber of I/O is pulled out by 
one side, it can make the management space of an optical fiber small. 

[003 1 ] Furthermore, in the optical attenuator of this invention, in two optical paths separated according 
to polarization, since the optical path length is equal, a polarization distribution compensating plate is 
not needed. 

[0032] Therefore, low-cost-ization by reduction of part mark is attained in the optical attenuator of this 
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invention. Moreover, since the method of assembly is as the gestalt 1 of operation having explained, 

there are few the man days. 

[0033] 

[Effect of the Invention] As explained above, according to this invention, there are few part mark, it is 
small, and it becomes possible to offer the optical attenuator of a low cost. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the optical composition of the optical attenuator by the gestalt 1 of 
operation of this invention. 

[Drawing 2] Drawing showing the optical composition of the optical attenuator by the gestalt 2 of 
operation of this invention. 

[Drawing 3] The perspective diagram showing an adjustable Faraday-rotation child's principal part in 
the optical attenuator by the gestalt 1 of operation of this invention. 

[Drawing 4] Drawing showing advance operation of the light in the optical attenuator by the gestalt 1 of 
operation of this invention. For drawing 4 (a), drawing and drawing 4 (b) which show the case where the 
light of the whole quantity joins together between I/O are drawing showing the case where the light of 
the whole quantity declines. 

[Drawing 5] Drawing showing the optical composition in the conventional optical attenuator. 
[Description of Notations] 
11212 heart optical fiber 

12 22 Walk-off crystal 

13 23 Convex lens 

14 24 Adjustable Faraday-rotation child 

15 Total Reflection Fihn 

16a, 16b, 17a, 17b, 34 Optical path 

18 Optical Fiber of Input 

19 Optical Fiber of Output 
25 Total Reflection Mirror 

31a, 31b Yoke of an electromagnet 

32 Bi Substitution Rare-Earth-Iron-Gamet Crystal 

33 Permanent Magnet 



[Translation done.] 
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